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Message from the District Chief

The U.S. Geological Survey (USGS) is recognized for its impartial fact-finding and research
mission. The USGS’s Water Resources Division gathers and interprets hydrologic data that enable water-
resources managers to make decisions based on objective scientific information. This report, which is the
first in a series, describes the activities of the U.S. Geological Survey, Water Resources Division, New
Jersey District, during 1990-91. It provides summaries of current program activities and a listing of recently
completed publications. Sources of information on other activities of the USGS and sources of publications

also are included.

The New Jersey District continually strives to develop a water-resources program that provides a
balance of hydrologic data collection, resource appraisals, and research that is relevant to the major water
issues and to the needs of water managers in New Jersey. Our program addresses a wide variety of issues
that include water-supply availability, resource development, water-quality protection and mitigation, and
preservation of New Jersey’s water resources. The quality of our program is a reflection of the high level
of interest by numerous local cooperators in a water-resources management approach based on sound

scientific information. Thank you for your continued support.

I hope that you find this first report to be interesting and informative. Comments and suggestions
for future reports are welcomed. If you would like more information on the activities described, please

contact me or any of the personnel listed in the Organization and Staffing section of this report.

Yonver /[;V(,),WL

e
Janice R. Ward
District Chief

vi Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91



Introduction

Purpose and Scope

The purpose of this report is to present an overview of the U.S. Geological Survey, Water
Resources Division, and a description of the work conducted in the New Jersey District during 1990-91.
Also included are a bibliography of reports and journal articles published from 1986 through 1991 and a
description of sources of additional information on U.S. Geological Survey programs.

Origin of the U.S. Geological S

The U.S. Geological Survey (USGS) was established by an act of Congress on March 3, 1879, to
provide a permanent Federal agency to conduct the systematic and scientific “classification of the public
lands, and examination of the geological structure, mineral resources, and products of national domain.” An
integral part of that original mission includes publishing and disseminating the earth-science information
needed to understand, to plan the use of, and to manage the Nation’s energy, land, mineral, and water
resources.

Since 1879, the research and fact-finding role of the USGS has grown and been modified to meet
the changing needs of the Nation it serves. As part of that evolution, the USGS has become the Federal
government’s largest earth-science research agency, the Nation’s largest civilian map-making agency, the
primary source of data on the Nation’s surface- and ground-water resources, and the employer of the largest
number of professional earth scientists. Today’s programs serve a diversity of needs and users. Programs
include--

o Conducting detailed assessments of the energy and mineral potential of the Nation’s land and
offshore areas.

o Investigating and issuing wamnings of earthquakes, volcanic eruptions, landslides, and other
geologic and hydrologic hazards.

o Conducting research on the geologic structure of the Nation.

o Studying the geologic features, structure, processes, and history of the other planets of our solar
system.

o Conducting topographic surveys of the Nation and preparing topographic and thematic maps and
related cartographic products.

o Developing and producing digital cartographic data bases and products.

o Collecting data on a routine basis to determine the quantity, quality, and use of surface and ground
water.

o Conducting water-resources appraisals in order to describe the consequences of alternative plans
for developing land and water resources.

o Conducting research in hydraulics and hydrology, and coordinating all Federal water-data
acquisition.

Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91 1
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o Using remotely sensed data to develop new cartographic, geologic, and hydrologic research
techniques for natural-resources planning and management.

o Providing earth-science information through an extensive publications program and a network of
public-access points.

Along with its continuing commitment to meet the growing and changing earth-science needs of
the Nation, the USGS remains dedicated to its original mission to collect, analyze, interpret, publish, and
disseminate information about the natural resources of the Nation--providing ‘“Earth Science in the Public
Service.” This is accomplished by five Divisions within the USGS: Water Resources, National Mapping,
Geologic, Information Systems, and Administrative.

The mission of the Water Resources Division is to provide the hydrologic information and
understanding needed for the optimum utilization and management of the Nation’s water resources for the
overall benefit of the people of the United States. This is accomplished, in large part, through cooperation
with other Federal and non-Federal agencies, by:

o Collecting, on a systematic basis, data needed for the continuing determination and evaluation of
the quantity, quality, and use of the Nation’s water resources.

o Conducting analytical and interpretive water-resource appraisals describing the occurrence,
availability, and physical, chemical, and biological characteristics of surface and ground water.

o Conducting supportive basic and problem-oriented research in hydraulics, hydrology, and related
fields of science to improve the scientific basis for investigations and measurement techniques
and to understand hydrologic systems sufficiently well to quantitatively predict their response to
stress, either natural or manmade.

o Disseminating the water data and the results of these investigations and research through reports,
maps, computerized information services, and other forms of public releases.

o Coordinating the activities of Federal agencies in the acquisition of water data for streams, lakes,
reservoirs, estuaries, and ground water.

o Providing scientific and technical assistance in hydrologic fields to other Federal, State, and local
agencies; to licensees of the Federal Power Commission; and to international agencies on behalf
of the Department of State.

0 Acquiring, developing, and disseminating information on water-related natural hazards such as
droughts, floods, landslides, land subsidence, mudflows, and volcanoes.

0 Administering the provisions of the Water Resources Research Act of 1984, which includes the
State Water Resources Research Institutes and the Research Grants and Contracts Programs.

o Supporting the provisions of the National Environmental Policy Act of 1969 and managing
natural-resources surveys in response to the Comprehensive Environmental Response,
Compensation, and Liability Act (Superfund Act) of 1980.

2 Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91
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Figure 6.--Streamflow-gaging stations and tidal stations in New Jersey, water year 1991 (NJOO1).
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Data-Collection Projects

GROUND-WATER STATIONS (NJ002)

PROJECT CHIEF: Walter D. Jones

COOPERATOR(S): Gloucester County Planning Commission,
N.J. Department of Environmental Protection and Energy,
Pinelands Commission, and Washington Township Municipal
Utilities Authority

PERIOD OF PROJECT: Continuous since 1931

PROBLEM: Long-term ground-water-level records are needed to provide data for management of the
resource, to assist in the prediction of future supplies, to provide a data base from which to measure the
effects of development, and to evaluate the effects of climatic variations on the recharge to, and discharge
from, the ground-water systems.

OBJECTIVE: To collect ground-water-level data sufficient to provide a minimum long-term data base so
that the general response of the hydrologic system to natural climatic variations and induced stresses is
known and potential problems can be defined early enough to allow for effective planning and management.
To provide a data base against which the short-term records acquired as part of areal studies can be analyzed.

APPROACH: Ground-water levels are measured in a network of observation wells tapping all the principal
aquifers in the State, with the frequency of measurement ranging from continuous to annual. All data are
stored in computer files for ready access by the public and for report generation. Well-location, geologic,
hydrologic, and well-construction data are collected routinely and stored in the Ground Water Site Inventory
(GWSI) data base.

PROGRESS AND PLANS: Ground-water levels were measured in 242 observation wells tapping all of the
major aquifers in the State. In 1991, 103 wells were equipped for continuous monitoring, 18 were used to
monitor extreme conditions, and 121 were measured manually. All verified data were stored in computer
files. Personnel specializing in data-base management continued to add to and update the GWSI data base.
By September 30, 1991, GWSI contained records of 10,370 wells. Plans are to continue data collection and
computer Storage of water-level data from the statewide network. Data will be published in the annual
Water Resources Data report. Continue to expand and update the GWSI data base.

16 Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91
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Figure 7.--Ground-water-level observation wells in New Jersey, water year 1991 (NJ0O2).
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Data-Collection Projects

WATER-QUALITY STATIONS (NJ003)

PROJECT CHIEF: Edward A. Pustay

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy, Pinelands Commission, and
U.S. Army - Corps of Engineers

PERIOD OF PROJECT: Continuous since 1963

PROBLEM: Water-quality assessment for water-resources planning in New Jersey requires a statewide data
base to assist in providing information on water-quality conditions that can affect aquatic biota, recreation
potential, public supply, and industrial uses of water.

OBJECTIVE: To collect water-quality data sufficient for maintaining a long-term data base in order to facil-
itate planning and management of New Jersey waters. To assist in special studies and to provide for statis-
tical analysis of spatial and temporal trends in water quality.

APPROACH: Water-quality data are collected at monitoring networks, including the cooperative
New Jersey Department of Environmental Protection and Energy (NJDEPE)/USGS network, the National
Stream Quality Accounting Network (NASQAN) and Bench-mark stations, at which water-quality data are
collected. Bench-mark stations are located in small, undeveloped watersheds that are affected minimally by
human activities. In addition to the collection of water samples and the measurement of physical and chem-
ical properties of water, activities include the operation and maintenance of several continuous recording
water-quality monitors. Sampling frequencies range from continuous at some NASQAN and Bench-mark
stations to bimonthly at stations in the routine NJDEPE/USGS network. A variety of water-quality constit-
uents is determined for each network.

PROGRESS AND PLANS: Sample collection at all network sites is continuing. Water-quality data for
1990 were published in the Water Resources Data report. An evaluation of the cooperative surface-water
network was completed. Results of the evaluation led to changes in sampling sites and constituents deter-
ined. A report on surface-water-quality trends in New Jersey was published. A report examining the caus-
ative factors of observed trends in surface-water-quality has been prepared and is in draft form. A report
assessing the water resources of the Rockaway River basin, New Jersey, is in review. A report on hydrologic
conditions in the Jacobs Creek, Stony Brook, and Beden Brook drainage basins in west-central New Jersey
has been submitted for review. Plans are to continue sampling at all network sites and, in addition to the
Water Resources Data report for 1991, publish the Rockaway River basin report, the report on the Jacobs
Creek, Stony Brook, and Beden Brook drainage basins; and the report on causative factors of observed
trends in surface-water quality.

18 Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91
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Figure 8.--Surface- and ground-water-quality stations in New Jersey, water year 1991 (NJ0O3).
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Data-Collection Projects

INVESTIGATION OF WATER QUALITY IN THE
WANAQUE SOUTH DIVERSION AREA, MORRIS AND
PASSAIC COUNTIES, NEW JERSEY (NJ003a)

PROJECT CHIEF: Michael J. Deluca

COOPERATOR(S): North Jersey District Water Supply
Commission

PERIOD OF PROJECT: Continuous since June 1987

PROBLEM: New diversions of water from the Pompton River at Two Bridges and the Ramapo River at
Pompton Lakes pose two potential problems to the quality of freshwater in the Passaic River basin. First,
the withdrawal of water from high-quality rivers in the system can degrade water quality in downstream
locations where water quality already is poor. Second, storage of the diverted waters in reservoirs can
change the quality of water in those reservoirs. Nutrients are of particular concern because excessive nutri-
ents can cause algal blooms, which subsequently lower concentrations of dissolved oxygen.

OBJECTIVE: To provide water-quality data that can be used to manage diversions in order to protect the
quality of downstream water and that of receiving reservoirs.

APPROACH: Dissolved oxygen, water temperature, and specific conductance are continuously monitored
below each of the two diversions. Telephone-line transmissions of the data provide diversion-facility man-
agers with real-time data reflecting current river conditions. In addition, 15 samples are collected yearly at
each of 5 sites and are analyzed for dissolved and total nitrogen and phosphorus species. Data from these
locations represent the quality of water flowing to the diversions or the quality of water downstream from
the diversions.

PROGRESS AND PLANS: Samples were collected at the five sites and water quality was monitored con-
tinuously at the two sites throughout 1990-91. All data were published in the annual Water Resources Data
report. Sampling and continuous monitoring will continue according to the schedule used this year. Data
will be published in the annual Water Resources Data report.
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Hydrologic Investigations (Cooperative Projects)

LAND SUBSIDENCE RELATED TO GROUND-WATER
WITHDRAWALS IN THE COASTAL PLAIN OF
NEW JERSEY (NJ036)

PROJECT CHIEF: William R. Bauersfeld
COOPERATOR(S): N.J. Department of Environmental

Protection and Energy
PERIOD OF PROJECT: October 1978 to September 1990

PROBLEM: Land subsidence, probably a result, in part, of a decline in artesian head (water levels), is occur-
ring along the Atlantic coastal area of New Jersey. Data based on leveling abstracts (1924 and 1964) from
the National Geodetic Survey indicate that Atlantic City and parts of the area surrounding Great Egg Harbor
Bay and Absecon Bay have subsided relative to central New Jersey. Other coastal areas from Ocean City to
Sandy Hook also may be affected. Subsidence can cause extensive problems, including collapse of well cas-
ings as a result of compression of compacting sediments, failure of structures and sewer lines as a result of
differential subsidence of the land surface, loss of land and beaches as a result of inundation of nearshore
areas, reduction in ground-water storage capacity, and acceleration of saltwater intrusion into freshwater
aquifers.

OBJECTIVE: Knowledge of the magnitude and extent of subsidence is essential in order to successfully
manage these highly productive fresh-ground-water reservoirs without severely affecting engineering struc-
tures, beaches, and streams. The purpose of this study is to obtain vertical control on the land surface to
define the extent, rate, and magnitude of subsidence, and to determine the depth range within which com-
paction of sediments is occurring.

APPROACH: (1) Monitor compaction with recorder in rehabilitated well in Atlantic City. Also measure
water-level changes in nearby wells within the depth range of pumped wells. (2) Establish a network of
benchmarks throughout the areas of suspected subsidence. This network will include the lines of earlier lev-
eling and will be tied to them. Releveling of the subsidence network will be done wherever indicated. (3)
Collect cores of fine-grained sediments, where possible, for laboratory testing of consolidation characteris-
tics.

PROGRESS AND PLANS: Data are collected on graphic charts. During 1980-91, 0.05 foot of subsidence
was measured. Project work was transferred into the Ground-Water Stations project (NJ002) as of October
1990.
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Hydrologic Investigations (Cooperative Projects)

GEOPHYSICAL CHARACTERISTICS OF
AQUIFERS IN NEW JERSEY (NJ047)

PROJECT CHIEF: G. Allan Brown

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1980 to September 1991

PROBILEM: Increased ground-water pumpage in the State of New Jersey necessitates the continued collec-
tion and analysis of geophysical data to determine the subsurface character and extent of the aquifers, con-
fining units, and contained fluids of the ground-water system. These data are needed to define the
geohydrologic framework for the solution of local and regional problems and as input to the development
and construction of regional simulation models that are used in the planning and management of the ground-
water resources.

OBJECTIVE: Obtain geophysical data in selected areas throughout the State to (1) identify lithologic vari-
ations in stratigraphy; (2) identify vertical variations in salinity; (3) identify fracture zones and zones of high
permeability in bedrock areas; (4) document vertical temperature variations; (5) determine direction and
velocity of borehole flow; (6) verify well-construction data before observation-well use or testing (for exam-
ple, well-screen size and depth); (7) determine integrity of well casings where freshwater aquifers are con-
taminated with saltwater; (8) identify wells that can be added to the observation-well network; and (9)
determine thickness of glacial deposits in buried valleys.

APPROACH: Anticipate areas of need, then design and implement the type of geophysical survey appro-
priate in the investigation of ground-water reservoirs. In the southern part of the State, geophysical logs will
be made for selected new and previously installed water-supply and test wells as logging opportunities arise.
In this way, a comprehensive file of geophysical-log data will be made available for interpretation of aquifer,
ground-water, and water-well characteristics. Tables and location maps generated from computerized log
data will be used to evaluate potential sites for collection of additional geophysical data. Geophysical logs
will be made of observation and test wells to verify well depth, diameter, and casing integrity before these
wells are used for hydrologic-data collection. Geophysical-logging techniques will be used to analyze the
structural integrity of wells in which changes in water quality are found where structural casing failure may
endanger the quality of freshwater in the aquifer. Close contact with well drillers, well owners, and the
NIDEPE, which issues well-drilling permits, provides the opportunity to identify wells suitable for inclu-
sion in the observation-well network. Surface and borehole geophysics will be used to investigate glacial
deposits in buried valleys in the northern part of the State.

PROGRESS AND PLANS: In 1991, 51 logs were run in 23 wells at 18 sites (see map). Of these wells, 19
were in Coastal Plain sediments and 4 were in bedrock. Many logs were digitized and entered into the geo-
physical-log data base. Project was suspended in October 1991 because of lack of funding.
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Hydrologic Investigations (Cooperative Projects)

GROUND-WATER-RESOURCES INVESTIGATION OF
THE ROCKAWAY RIVER BURIED VALLEY (NJ094)

PROJECT CHIEF: Alison D. Gordon
COOPERATOR(S): N.J. Department of Environmental

Protection and Energy
PERIOD OF PROJECT: October 1986 to September 1990

PROBLEM: A State-mandated minimum passing flow of 7 million gallons per day must be maintained in
the Rockaway River above the Boonton Reservoir in order to ensure an adequate supply of freshwater to
communities below the Reservoir. Effects of pumping on ground-water discharge to the Rockaway River
must be quantified in order to manage reservoir supply. The buried-valley aquifer system supplies both the
reservoir and water for wells that are screened in both the unconfined and leaky confined aquifers. Water-
resource managers and purveyors are concerned about possible effects of pumping, such as well-field inter-
ference and streamflow depletion.

OBJECTIVE: (1) Quantify water-level declines and streamflow depletion that occur within the buried-val-
ley aquifer system under current and predicted conditions, (2) determine ground-water discharge to the
Rockaway River above the Boonton Reservoir under current conditions and under predicted ground-water-
withdrawal scenarios.

APPROACH: Compile data from previous studies that describe extent and thickness of unconsolidated bur-
ied-valley aquifers and confining units. Collect and analyze data to describe water levels and stream base
flow in response to current pumping. Use ground-water flow model to assess quantitative effects of ground-
water withdrawals on flow to the Boonton Reservoir and on water levels and stream base flow throughout
the upper Rockaway River valley, during both current conditions and conditions of predicted increased
development of ground water.

PROGRESS AND PLANS: Collection of hydrologic field data has been completed. The ground-water
flow simulation model has been calibrated to average hydrologic conditions in the late 1980’s. Hydrologic
information and model simulation results were used to evaluate the effects of ground-water withdrawals on
the aquifer system and stream base flow. A simulation of future ground-water withdrawals will be made
and used to evaluate the potential effects of future development on water resources.
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Hydrologic Investigations (Cooperative Projects)

VALLEY-FILL HYDROLOGIC SYSTEMS: CENTRAL
PASSAIC RIVER BASIN (NJ095)

PROJECT CHIEF: Julia L. Barringer

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1986 to September 1990

PROBLEM: Throughout northern New Jersey, the hydrologic systems are essentially individual systems
operating independently in each of the valley-fill deposits. Rapid development of this area has resulted in a
broad spectrum of hydrogeologic problems, such as ground-water contamination, well-field interference,
and streamflow depletion. The development and associated hydrologic effects have constrained personnel
responsible for the State’s water-allocation process from making informed decisions based on up-to-date
information. Although the ground-water supplies of some of these watersheds have been investigated pre-
viously, none of these studies is recent. The central part of the Passaic River basin is of particular interest
because of population growth in that area.

OBJECTIVE: To develop a water-quality data base for glacial and bedrock aquifers in the Passaic River
basin, and to analyze those data. The study will assist NJDEPE in determining (1) the present state of the
water quality, and (2) the susceptibility of the ground water to contamination.

APPROACH: The approach includes (1) the compilation of available water-quality data and establishment
of a data base, (2) development of a water-quality-data collection network, (3) sampling and analysis of
ground-water samples, and (4) interpretation and definition of geochemical systems.

PROGRESS:; Data collection, analysis, and interpretation are completed. The final report is in the last
stages of review. The quality of water in the glacial aquifer generally is similar to that in the bedrock aqui-
fers. The water contains small concentrations of dissolved solids. Water in the sedimentary bedrock aquifer
generally contains larger concentrations of barium, calcium, magnesium, strontium, and sulfate than does
water from either the glacial or basalt bedrock aquifer.
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Hydrologic Investigations (Cooperative Projects)

MOBILITY, TRANSPORT, AND FATE OF
NATURALLY OCCURRING RADIONUCLIDES IN
GROUND WATER, NEWARK BASIN, NEW JERSEY
(NJ099)

PROJECT CHIEF: Zoltan Szabo

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1987 to September 1992

PROBLEM: Elevated levels of radon, uranium, and radium have been detected in ground water in the
Newark Basin. Results of previous studies have been used to describe geologic and geochemical factors
controlling their distribution and concentrations. Additional work is needed to determine the mechanisms
that control radionuclide mobility, transport, and fate in ground water in this fractured-rock terrain. These
mechanisms are of considerable interest and are a major environmental concern because radionuclides pose
a potential hazard to human health.

OBJECTIVE: (1) Determine factors controlling the mobility and fate of radionuclides along ground-water
flow paths, (2) define mechanisms that release radionuclides to ground water or retain them in aquifer solids
and determine the effect of water-rock interactions in controlling radionuclide concentration, and (3) char-
acterize the spatial variation of radionuclide concentrations at selected sites and factors that affect parent/
daughter activities and isotope ratios.

APPROACH: Ground-water flow and aquifer characteristics at three study sites will be defined by using
borehole geophysics, aquifer tests, and packer tests. Observation wells will be installed along selected gra-
dients. Test drilling will be used to obtain uranium-enriched core material. Rock analyses will be used to
study the sources and sinks of radium, uranium, and radon. Detailed ground-water sampling and chemical
modeling will be used to define reactions along flow paths.

PROGRESS AND PLANS: Uranium mineralization and mechanisms controlling uranium distribution and
variability in specific rock types have been defined from extensive rock cores obtained by test drilling. The
distribution of radionuclides in ground water was defined on the basis of uranium distribution in the aquifer
matrix and the geochemistry of the water. Plans are to determine the potential mobility of radionuclides
from results of permeability analysis and data on mineral distribution in specific rock types.
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Figure 11.--Gross alpha-particle activities in ground water, Newark Basin, New Jersey. (From Zapecza,
0.S., and Szabo, Zoltan, Source and distribution of natural radioactivity in ground water in the
Newark Basin, New Jersey, in Graves, Barbara, ed.: Proceedings of the National Water Well
Association Conference on Radon, Radium, and other Radioactivity, April 7-9, 1987, Somerset,
New Jersey, fig. 4, p. 59.)
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Hydrologic Investigations (Cooperative Projects)

HYDROGEOLOGY OF THE VALLEY-FILL AND
CARBONATE-ROCK AQUIFERS NEAR LONG
VALLEY IN THE NEW JERSEY HIGHLANDS (NJ100)

PROJECT CHIEF: Robert S. Nicholson

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1987 to September 1991

PROBLEM: Residential and commercial development in the New Jersey Highlands in western Morris
County and northeastern Hunterdon County, New Jersey, has resulted in concern about the adequacy of
ground-water supplies to meet predicted water needs, and has the potential to result in hydrogeologic prob-
lems, such as ground-water contamination, well-field interference, and streamflow depletion. Understand-
ing of hydrogeologic processes in the area is insufficient to address these potential problems.

OBJECTIVE: To evaluate the hydrogeology of the valley-fill and carbonate-rock aquifers in the study area
by means of (1) hydrogeologic assessment of the aquifers and present hydrologic conditions, and (2) simu-
lation of present and predicted future hydrologic conditions with numerical ground-water-flow modeling
techniques.

APPROACH: Collect and analyze data to describe water-level, water-quality, and streamflow conditions
prevailing under the current level of ground-water development. Data analysis and interpretation will
include a hydrogeologic assessment of current conditions, a description of geochemical processes and ambi-
ent water quality, and use of a numerical ground-water-flow model to further evaluate current conditions
and to predict system responses to additional development of the ground-water supply.

PROGRESS AND PLANS: Plan-of-study report was approved. Data collection was completed. Geochem-
ical statistical analyses and interpretations are nearly complete. The ground-water-flow model was cali-
brated to hydrologic conditions in the mid-1980’s. The model will be used to simulate the hydrologic effects
of alternative ground-water-withdrawal scenarios.
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Hydrologic Investigations (Cooperative Projects)

RELATIONS BETWEEN GROUND-WATER HYDROLOGY
AND ECOLOGY OF WETLAND VEGETATION (NJ118)

PROJECT CHIEF: Edward Modica
COOPERATOR(S): N.J. Department of Environmental

Protection and Energy
PERIOD OF PROJECT: October 1990 to September 1993

PROBLEM: Present understanding of relations between ground-water-system operation and surface-water
hydrology, water quality, and vegetative ecology of wetland habitats is insufficient to permit effective man-
agement and preservation of these environments. These relations need to be quantified, and the mechanisms
controlling the availability of moisture and nutrients need to be more clearly defined in order to develop the
ability to predict the hydrologic effects of human activities and natural processes on wetland environments.

OBJECTIVE: (1) To quantify the processes that control local-scale variations in depth to water, ground-
water discharge, and subsurface-water availability in the wetland environment; (2) estimate water-consump-
tion requirements of vegetative communities throughout the wetland; (3) define spatial and seasonal varia-
tion in hydrologic characteristics of each vegetative community; and (4) estimate availability of nutrients
transported with subsurface waters.

APPROACH: (1) The ground-water subsystem within the McDonalds Branch basin will be described and
analyzed with the aid of flow simulations, (2) the structure and composition of the wetland vegetative com-
munity will be defined by means of gradient analysis, (3) the unsaturated-zone process controlling ground-
water discharge to evaporation and root uptake will be evaluated,(4) water-quality samples will be collected
and the analysis results will be used to develop an understanding of the flux of plant nutrients, and (5) inte-
gration and analysis of all data will be performed by use of simulations.

PROGRESS AND PLANS: A subregional model of the unconfined aquifer system underlying the upper
Rancocas River basin was constructed. Preliminary analysis of flow patterns and residence times of ground
water within sections of the modeled area was conducted. Observation wells will be installed in a section
of the upper Rancocas River drainage area, and the subregional model will be refined and calibrated.
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Hydrologic Investigations (Cooperative Projects)

SOURCES OF NITRATE IN GROUND WATER
IN THE NEW JERSEY COASTAL PLAIN
(NJ119)

PROJECT CHIEF: Eric F. Vowinkel

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1990 to September 1992

PROBLEM: The NJDEPE has determined that the presence of elevated nitrate concentrations in shallow
ground water in the New Jersey Coastal Plain is a major water-quality problem. The predominant source of
the nitrate in domestic wells needs to be determined. Knowledge of the sources of the nitrate contamination
in water from domestic wells can help water-supply managers to prioritize strategies and to develop plans
to mitigate nitrate contamination from excessive fertilization, leaky septic systems, or other sources.

OBJECTIVE:; The primary objective of the research is to develop and test methods to determine the
source(s) of nitrate contamination in water from domestic wells in agricultural land in the New Jersey
Coastal Plain. Other water-quality constituents will be evaluated to determine whether their presence can be
used as indicators of the source of nitrate contamination.

APPROACH: Previously collected ground-water-quality, hydrogeologic, and land-use information will be
reviewed to improve understanding of the relations between sources and sinks of nutrients in the system.
A sampling network will be designed to test hypotheses concerning the relation of nitrate concentrations to
indicators of nitrate contamination. Seasonal variability of water-quality data will be tested as a possible
indicator of contamination source. The sampling network will consist of 12 to 15 domestic wells located in
agricultural land. Water samples will be analyzed for nutrients, nitrogen isotopes, carbamate insecticides,
and triazine herbicides.

PROGRESS AND PLANS: The sampling network was designed to evaluate sources of nitrate in domestic
wells in agricultural land. Ground-water sampling was conducted in April and August 1991 at 12 wells, and
the water-quality data were mapped and statistically evaluated. The last two sampling rounds will be com-
pleted in November 1991 and March 1992, and the data will be evaluated.
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Hydrologic Investigations (Cooperative Projects)

EFFECT OF ORGANIC CATIONS ON THE TRANSPORT OF
ORGANIC CONTAMINANTS THROUGH POROUS SAND
AND CLAY MEDIA (NJ120)

PROJECT CHIEF: James A. Smith

COOPERATOR(S): N.J. Department of Environmental
Protection and Energy

PERIOD OF PROJECT: October 1990 to September 1993

PROBLEM: Although the effect of different organic cations on contaminant sorption to pure Wyoming ben-
tonite are known, little or no information is available with regard to multiconstituent (competitive) sorption,
contaminant dispersion/diffusion, or permeability for a sand-and-clay porous medium.

OBJECTIVE: The goal of this research is to examine the effect of five organic cations of known molecular
structure on contaminant sorption, dispersion/diffusion, and advection. Measurement of these properties is
needed so that the effectiveness of organoclay mixtures can be evaluated for use as improved barriers to the
transport of contaminants in the subsurface.

APPROACH: Contaminant sorption will be measured with batch equilibrium experiments. Permeabilities
of the sand-and-clay media (treated with different organic cations) will be measured with flexible-wall per-
meameters. Dispersion/diffusion coefficients will be measured by means of tracer tests with tritiated water.
Results will be combined in a one-dimensional solute-transport model.

PROGRESS AND PLANS: The hydraulic conductivities of six types of compacted sand-and-clay porous
media have been measured in triplicate with flexible-wall permeameters. Five of the types of compacted soil
cores differ only by the type of organic cation exchanged onto the clay. The sixth type of soil core does not
have any organic cation exchanged onto its mineral surface. For all types of soil cores, the measured hydrau-
lic conductivities are less than 108 meters per second. A one-dimensional solute-transport model with non-
linear sorption is being developed. Tracer tests will be conducted to measure the dispersion/diffusion
coefficients for six types of sand-and-clay porous media. Development of the solute transport model will be
completed. Batch sorption experiments will be conducted to study competitive sorption. Experimental data
on sorption, hydraulic conductivity, dispersion, and diffusion will be incorporated into the solute-transport
model to simulate contaminant migration through a landfill liner.
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Hydrologic Investigations (Cooperative Projects)

EFFECTS OF FRESHWATER WITHDRAWALS ON
ESTUARINE WATER QUALITY OF THE TOMS AND
METEDECONK RIVERS (NJ121)

PROJECT CHIEF: Robert E. Hickman
COOPERATOR(S): N.J. Department of Environmental

Protection and Energy
PERIOD OF PROJECT: October 1990 to September 1993

PROBILEM: New Jersey water-management officials need to know the effects of present and future fresh-
water withdrawals in the drainage basins of the Toms and Metedeconk Rivers on the quality of water in the
estuaries downstream. Ground water is withdrawn from the unconfined (water-table) aquifers of both
basins, and surface water is diverted from the Metedeconk River. Both types of withdrawals reduce river
discharge, and both types of withdrawals are expected to increase in the future. Of special interest to State
water managers is the effect of reduced freshwater river discharge on the locations of the saltwater front in
these rivers.

OBJECTIVE: (1) Determine relations between the locations of the saltwater front and river discharge in
both the Toms and Metedeconk Rivers, (2) determine how the saltwater fronts will change as a result of
reduced river discharge, and (3) provide information on how plant nutrient concentrations in the estuaries
will change with reduced river discharges.

APPROACH:; (1) In conjunction with the State of New Jersey, conduct a year-long field program to measure
tide, river discharge, and estuarine water quality, including salinity; (2) use correlation techniques to
develop relations between saltwater-front location, tide, estuarine salinity, and river discharge; (3) attempt
to adapt a 1- or 2-dimensional flow model to simulate the locations of the saltwater fronts as a function of
river discharge; (4) use one or both methods to determine the effect of reduced river discharge on the loca-
tions of the saltwater fronts; and (5) provide information on the effect of reduced river discharges on plant
nutrient concentrations in the estuaries by examining the year-round variation of estuarine plant nutrient
concentrations with salinity.

PROGRESS AND PLANS: Developed draft work plan for the study to determine the effects of diversions
on water quality in the estuaries of the Toms and Metedeconk Rivers and submitted it to the NJDEPE. Plans

are to finalize the work plan and initiate data collection.
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Hydrologic Investigations (Cooperative Projects)

REGIONALIZATION OF LOW FLOWS FOR NEW JERSEY
STREAMS (NJ040)

PROJECT CHIEF: Robert G. Reiser

COOPERATOR(S): Morris County Municipal Utilities Authority,
N.J. Department of Environmental Protection and Energy,
North Jersey District Water Supply Commission, and Passaic
Valley Water Commission

PERIOD OF PROJECT: Continuous since 1979

PROBLEM: No previous attempt has been made to regionalize low-flow relations of New Jersey streams.
Except at the approximately 100 continuous-record and 300 partial-record sites distributed throughout the
State, low-flow frequencies, such as the 10-year 7-day low flows, are relatively unknown. Therefore,
regional low-flow relations must be determined to allow an accurate estimate of low-flow frequencies for
ungaged sites. This information is used in a wide variety of water-resource planning and management
efforts.

OBJECTIVE: To determine regional low-flow relations for both the 2-year and 10-year 7-day low flows
throughout New Jersey, so that accurate estimates of these values at ungaged sites can be made.

APPROACH: All low-flow relations will be estimated by standard regionalization techniques, such as mul-
tiple-regression analysis. Characteristics of drainage basins for which low-flow relations have previously
been determined will be used as parameters in the regression analysis. To reduce the standard error of the
regression equations, the State may be divided into subareas where local geologic conditions are relatively
homogeneous.

PROGRESS AND PLANS: Low-flow discharge measurements were made at 48 active sites statewide dur-
ing 1991. Measurements at nine sites at which data were sufficient were discontinued. Nine new sites have
been added to the active list. Base-flow discharge measurements also were made at 11 water-quality sites
that formerly were low-flow sites. Monthly base-flow discharge measurements were made at 10 sites in
Monroe Township and at 12 new sites in the upper Mullica River basin. Updating of flow-duration statistics
and low-flow frequency analyses at continuous-record gaging stations through the 1990 water year was
begun. A WATSTORE program was developed for running daily, monthly, and annual statistics for a gaging
station and for entering these statistics into the streamflow/basin characteristics file. The FLOWSTAT pro-
gram was installed on the District computer to compile statistics in a condensed report. A comparison
between results obtained with the midline regression technique, used in Gillespie, B.D., and Schopp, R.D.,
1982, Low-flow characteristics and flow duration of New Jersey streams: U.S Geological Survey Open-File
Report 81-1110, 164 p., and the MOVEI regression technique (Hirsch, R.M., 1982, A comparison of four
streamflow record extension tchniques: Water Resources Research, v. 18, no. 4, p. 1081-1088) was com-
pleted for selected partial-record sites throughout the State. Data collected at active partial-record stations
will be analyzed. Ten to twenty percent of the active low-flow sites will be replaced statewide. Updating
low-flow statistics for continuous-record sites will be completed. Low-flow correlation analysis for partial-
record stations will be run by using the MOVE]1 regression technique, and results will be published in a data
report.
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Hydrologic Investigations (Cooperative Projects)_

FLOOD CHARACTERISTICS OF NEW JERSEY STREAMS
(NJO54)

PROJECT CHIEF: Robert D. Schopp
COOPERATOR(S): Bergen County, Brick Township Municipal
Utilities Authority, N.J. Department of Environmental

Protection and Energy, and West Windsor Township
PERIOD OF PROJECT: Continuous since 1981

PROBLEM: Water-management officials of Federal, State, and local agencies need flood-peak data for zon-
ing, building permits, and flood protection. Flood data needed are high-water elevations, flood discharges,
and flood-frequency information. In previous reports, equations relating peak discharge to basin character-
istics were developed. An additional 46 percent station years of flood data are now available for analysis.
Many of the additional data are for small drainage areas where previous work has been limited.

OBJECTIVE: (1) To update and refine the previous study of magnitude and frequency of floods in New
Jersey (Stankowski, S.J., 1974, Magnitude and frequency of floods in New Jersey with effects of urbaniza-
tion: New Jersey Department of Environmental Protection Special Report 38, 46 p.), and (2) to continue
the collection and annual publication of high-water elevations and flood discharges at crest-stage gages, and
at other additional sites for major floods.

APPROACH: (1) Data through 1990 for gaging stations and crest-stage gages on unregulated streams in
New Jersey will be analyzed by using the guidelines in Interagency Advisory Committee on Water Data,
1982, Guidelines for determining flood frequency: U.S. Geological Survey Bulletin 17B of the Hydrology
Subcommittee, Revised September 1981, Editorial corrections March 1982. The basin characteristics in the
earlier study will be reviewed and updated. Regressions will be run with the Statistical Analysis System
(SAS). Specifically, relations will be developed for the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year floods. (2)
Operation of a network of crest-stage gages will be continued to provide annual-peak-discharge and stage
measurements. The network will be reviewed annually to eliminate stations with sufficient records and
establish new stations that fulfill current needs or fill gaps in the knowledge of the variability of floods.

PROGRESS AND PLANS: Sixty-two crest-stage gages were operated. The crest-stage network and data
were informally reviewed, and two gages were dropped from the network. Stream-stage telemetry was oper-
ated at 58 stations. The telemetry is a mix of Geostationary Operational Environmental Satellite, Very High
Frequency radio, and telephone-based systems. A computer base station in the USGS office compiles all of
the data and shares it with four National Weather Service offices as well as State and county offices. Flood-
frequency figures were updated with data through 1990. Trends in the flood peaks were investigated for sev-
eral gaging stations. Plans are to review the crest-stage network and revise as needed. Flood regionalization
equations will be rerun with updated flood-frequency data through 1990. The regionalization report will be
completed. Expansion of the local flood-waming system to Trenton and coastal areas will be studied.
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Hydrologic Investigations (Cooperative Projects)

SIMULATION OF AGRICULTURAL WATER DEMAND
IN NEW JERSEY (NJ101)

PROJECT CHIEF: Rick M. Clawges
COOPERATOR(S): N.J. Department of Agriculture
PERIOD OF PROJECT: October 1987 to September 1990

PROBLEM: Seasonal climatic variation requires the irrigation of agricultural crops throughout New Jersey.
The New Jersey Department of Agriculture (NJDA) has determined that provisions in the 1981 Water Sup-
ply Management Act of New Jersey for protection of water supply for agricultural use are inadequate. The
NIDA foresees an increase in irrigated acreage as a result of the conversion of land to production of high-
value fresh-market vegetable crops and of efforts by the State to preserve New Jersey’s farmland. In an
effort to ensure suitable water supplies for agricultural purposes, the NJDA convened an advisory commit-
tee to study the problem. The committee recommended that methods to estimate short- and long-term agri-
cultural water demand needed to be developed.

OBJECTIVE: The primary objective of the study is to develop a statistical model to predict water demand
for irrigated crops in New Jersey. The model will be used to examine trends in urban encroachment on agri-
cultural land, and trends in crop acreages. A second objective is to estimate water use for livestock and the
food-processing industry in New Jersey in 1987. A third objective is to evaluate current irrigation technol-
ogy and the accuracy of agricultural water-use data reported to the NJDEPE each year by certified water
users.

APPROACH: The approach for the primary objective of the study is to develop a statistical model predict-
ing the number of irrigated acres in New Jersey on the basis of available agricultural and socioeconomic
data. Once irrigated acreage has been predicted, irrigation amounts will be calculated by using climatic data
and a water-budget model. Food-processing water use will be estimated on the basis of the type and size of
the industry. Livestock water use will be estimated by using actual numbers of livestock and estimates of
per capita livestock water needs. To accomplish the third objective, a sample of randomly selected farms
will be visited, and digital vibration time totalizers will be installed on irrigation pipes to determine duration
of pumpage. Pumpage times will be multipied by pumpage rates to estimate water use by farmers. Pumpage
data reported by farmers to the NJDEPE will be compared to pumpage values determined by using the time
totalizers to analyze variance.

PROGRESS AND PLANS: Final water-demand predictions for irrigated crops in 1990, 2000, 2010, and
2020 were completed. Estimates of water demand for livestock and food-processing purposes in 1987 also
were completed. A draft report on methods for prediction of long-term agricultural water demand has been
written and has been approved for publication. A menu-diven FORTRAN program that uses the prediction
model has been prepared for use by the cooperator. Plans are to ready the final report for publication.
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__Hydrologic Investigations (Cooperative Projects)

HYDROLOGIC FACTORS AFFECTING SURFACE-
WATER ACIDITY IN A SMALL WATERSHED IN THE
NEW JERSEY PINELANDS (NJ116)

PROJECT CHIEF: Julia L. Barringer
COOPERATOR(S): Pinelands Commission
PERIOD OF PROJECT: October 1989 to September 1990

PROBLEM: Stream waters in the Pinelands region of New Jersey are characterized by low pH. Acidity is
a major factor affecting the dissolution and transport of metals in Pinelands streams. Surface-water acidity
can change markedly during or after some storms. Results of previous studies at McDonalds Branch basin
in the Pinelands have shown that relations between hydrology and stream chemistry are complex, and may
complicate the identification of long-term trends caused by acid rain. Further study of the relative impor-
tance of seasonal and storm-related fluctuations in surface-water chemistry is needed.

OBJECTIVE: The short-term objective of the study is to examine relations between precipitation events and
stream acidity at McDonalds Branch. The results of this initial effort will be used for future work, the objec-
tive of which is to determine the effect of hydrologic inputs on surface-water chemistry of Pinelands
streams, including the identification of hydrologic factors that cause seasonal and storm-related fluctuations.

APPROACH: Relations between stream chemistry and precipitation characteristics such as intensity, dura-
tion, and antecedent conditions will be determined by examining continuous stream-temperature, pH, spe-
cific-conductance, dissolved-oxygen, and discharge data from McDonalds Branch, as well as continuously
recorded precipitation data. Various statistical techniques will be used.

PROGRESS AND PLANS: Analysis of relations between precipitation and increases in surface-water acid-
ity was completed. McDonalds Branch is subject to episodic acidification although the pH of its waters is
lower than that of incident precipitation. Acidic episodes are linked to periods of precipitation; water pass-
ing through acid soils apparently is responsible for episodic declines in pH. Work is suspended pending
further funding.
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Hydrologic Investigations (Cooperative Projects)

TRANSPORT OF VOLATILE ORGANIC CONTAMINANTS
AND DELINEATION OF CONTAMINANT PLUME IN
FRACTURED BEDROCK OF THE PASSAIC
FORMATION, RUTGERS UNIVERSITY BUSCH
CAMPUS, NEW BRUNSWICK, NEW JERSEY (NJ122)

PROJECT CHIEF: Kenneth S. Turner
COOPERATOR(S): Rutgers - The State University
PERIOD OF PROJECT: March 1991 to September 1992

PROBLEM: Volatile organic compounds (VOC’s) were detected in ground water during a preliminary
investigation conducted at the Rutgers University Busch Campus near the C-Wing Engineering Building
and during subsequent ground-water sampling in five monitoring wells installed adjacent to the building.
The major contaminants include carbon tetrachloride, tetrachloroethene, and chloroform. Tetrachloro-
ethene also is present in two production wells downgradient from the Engineering Building, but has not been
detected in water from a number of domestic drinking-water wells farther downgradient. The direction and
rate of contaminant movement in this fractured-rock aquifer are unknown; delineation of contaminant
movement is complicated by the orientation of water-bearing zones, which dip and are intersected by near-
vertical fractures. Because the definition of contaminant transport within this hydrologic environment is
more complex than that of contaminant transport in porous media, innovative methods of data collection
and analysis will need to be applied at this site.

OBIJECTIVE: A key objective of the study is to gain a greater understanding of geologic and hydrogeologic
frameworks at the study site and of the effects of these frameworks on ground-water flow and contaminant
transport. A variety of methods and techniques will be applied to reach the related objectives of defining
the extent of the contaminant plume and its direction and rate of movement. This definition will lead to the
final objective of understanding the environmental processing of organic contaminants in fractured-rock
systems.

APPROACH: The first, reconnaissance, phase of the study will involve the compilation of available bore-
hole data for the area, and the measurement of strike and dip at nearby bedrock outcrops. Soil-gas probes
will be installed downgradient from the contaminant source and sampled for VOC’s. In addition, a series
of small-diameter boreholes to bedrock will be augered with a portable drilling rig. These well bores will
be used to (1) collect water samples, (2) measure depths to bedrock, and (3) measure water-table altitudes.
Geophysical techniques (electromagnetic, resistivity, and seismic) also will be used to determine the eleva-
tion of the bedrock surface and the orientation of fractures in the study area. The second phase of the study
will involve the development of a ground-water flow and transport model and the installation of a series of
well nests to (1) determine the vertical extent of contamination and (2) refine and calibrate the model.

PROGRESS AND PLANS: A geophysical survey of the study area has been completed. Results of an azi-
muthal resistivity survey indicate the orientations of near-vertical fractures in the bedrock. The local strike
and dip of the bedrock have been determined from measurements at outcrops in the study area. The soil-gas
sampling network has been designed.

Continued on next page
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Hydrologic Investigations (Cooperative Projects)

TRANSPORT OF VOLATILE ORGANIC CONTAMINANTS
AND DELINEATION OF CONTAMINANT PLUME IN
FRACTURED BEDROCK OF THE PASSAIC
FORMATION, RUTGERS UNIVERSITY BUSCH
CAMPUS, NEW BRUNSWICK, NEW JERSEY (NJ122)
--Continued

PROGRESS AND PLANS--Continued: Sampling for fixed gases and VOC’s has begun. A shallow test
borehole was drilled; conditions encountered during this and previous drilling indicate that parts of the shal-
lowest water-bearing zone lie below competent bedrock, whereas other parts lie within the weathered zone
above competent bedrock. Drilling strategies are being planned. During the first, reconnaissance, phase of
the study, the soil-gas sampling will be completed. Drilling of shallow boreholes to the uppermost water-
bearing zone will be completed and water-quality samples will be collected. For the second phase, on the
basis of the areal extent of contaminated ground water, a network of nested wells will be designed. A pre-
liminary ground-water model will be constructed to aid in well placement. Wells will be installed and sam-
pled; the model will be refined and used to predict further contaminant movement.
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Hydrologic Investigations (Cooperative Projects)_

DEVELOPMENT OF A GEOGRAPHICAL INFORMATION
SYSTEM DATA BASE, GLOUCESTER COUNTY,
NEW JERSEY (NJ002a)

PROJECT CHIEF: Curtis V. Price
COOPERATOR(S): Gloucester County Planning Commission
PERIOD OF PROJECT: May 1990 to April 1992

PROBLEM: The Gloucester County Planning Commision has information that is useful for County plan-
ning activities and current and future hydrologic studies. These data currently are in the form of maps, paper
files, or local personal computer data bases. Conversion of these data to a Geographic Information System
(GIS) format would allow them to be used for automated spatial analysis and map creation.

OBJECTIVE: (1) The main objective is to develop and evaluate a GIS data base containing hydrologic
information on Gloucester County by using ARC/INFO software. This data base will be useful for current
hydrologic investigations in the County. (2) A second objective is to assist the County in becoming familar
with the GIS, so that County planners can develop their own system in the future. The USGS will evaluate
the usefulness of County land-use data and will compare these data to those in available National land-use
data bases.

APPROACH: Selected data will be digitized, produced, or compiled into a GIS data base resident on the
USGS PRIME computer. Maps will be produced as needed. USGS staff will provide GIS assistance to
County Planning Commission personnel.

PROGRESS AND PLANS: All data needed for hydrologic investigations have been entered into the
PRIME data base. Data specific to Franklin Township include land use, road centerlines, planimetric base
maps, and exact sheet boundaries. Countywide data sets include census tracts, water bodies, transportation,
and township boundaries. The data will be maintained and supplied for ongoing USGS and Gloucester
County Planning Commission activities as requested. Additional data will be gathered as needed and
included in the data base.
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Hydrologic Investigations (Cooperative Projects)

RELATION BETWEEN LAND USE AND GROUND-
WATER QUALITY IN FRANKLIN TOWNSHIP,
GLOUCESTER COUNTY, NEW JERSEY (NJ0O3b)

PROJECT CHIEF: Eric F. Vowinkel
COOPERATOR(S): Gloucester County Planning Commission
PERIOD OF PROJECT: October 1991 to September 1992

PROBLEM: Results of previous studies have shown that certain types of land use tend to be associated with
the presence of particular substances or groups of substances in ground waters. For example, nitrate con-
centrations in ground water have been found to be significantly higher in agricultural areas than in undevel-
oped areas; nitrate concentrations also may be higher in agricultural areas than in residential or urban areas.
The Gloucester County Planning Comission is interested in examining the relations between land use and
shallow-ground-water quality in the County. Franklin Township is of particular interest because of projected
land-use changes are projected there.

OBJECTIVE: The objectives of the study are to (1) determine the relations between selected chemical con-
stituents and land use, and (2) determine whether concentrations of selected chemical constituents that relate
to land-use changes exhibit spatial and temporal trends over time.

APPROACH: The approach includes (1) development of a GIS data base consisting of well-construction,
water-quality, and land-use information for Franklin Township; and (2) a statistical evaluation of the relation
between ground-water quality and land use. Two land-use-map scales (1:4,800 and 1:250,000) and land-use
maps from two years (1970 and 1985) will be evaluated.

PROGRESS AND PLANS: The GIS data base, consisting of well-construction, water-quality, and land-use
data from 1,200 wells, was constructed by using data collected by the Gloucester County Health Depart-
ment. Preliminary statistical analysis of the relation between land use and nitrate concentrations in ground
water was performed. The effect of land-use-map scale on the relation between ground-water quality and
land use was evaluated. Temporal trends in the relation between land use and ground-water quality will be
evaluated. Results will be published in a U.S. Geological Survey Water-Resources Investigations Report.
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Hydrologic Investigations (Cooperative Projects)

SOMERSET COUNTY FLOOD-MONITORING
NETWORK (PHASE 2) (NJ103)

PROJECT CHIEF: Paul Dunne
COOPERATOR(S): Somerset County Board of Chosen

Freeholders
PERIOD OF PROJECT: October 1988 to September 1993

PROBLEM: During the last two decades, Somerset County has experienced several severe floods. Flooding
of small streams in urban areas has become a significant problem. Eight streamflow-gaging stations and rain
gages with telephone telemetry were installed in 1978, but these gages are only useful when telephoned reg-
ularly. Although adequate data are provided by these gages upstream from the problem areas, no techniques
exist to estimate peak stages at critical points downstream on a real-time basis.

OBJECTIVE: The first objective is to improve the telemetry for real-time collection of stream-stage and
rainfall data on small streams in Somerset County. The second objective is to develop techniques for use in
estimating peak stages on the same streams in downstream floodprone areas on a real-time basis.

APPROACH: (1) Augment existing gages in the streamflow-gaging network by installing radio-reporting
stage gages at 5 downstream flood points, (2) install updated radio-report rain-gage network of 17 rain gages
to give real-time rainfall data, (3) make UHF radio link with Passaic Flood Warning System installed just
north of Somerset County, and (4) develop a computer model that can be used to estimate peak stages during
storms at several flood-prone sites in Somerset County.

PROGRESS AND PLANS: Radio-reporting stage gages at 5 downstream points and an updated radio-
report rain-gage network of 17 rain gages have been installed. A UHF radio link with the Passaic Flood
Warning System has been made. Hydrographs have been produced for the basins to be modeled. Model test-
ing and implementation with real-time data bases are proceeding. An outline has been approved for the
project report. Plans are to improve radio link between the Somerville base station and the USGS, complete
model testing and implementation with real-time data for predicting streamflow during floods, and write the
final Somerset County Flood Monitoring System report.

Water-Resources Activities of the U.S. Geological Survey in New Jersey, 1990-91 53



Hydrologic Investigations (Cooperative Projects)

OPTIMAL WITHDRAWALS FROM A COASTAL
AQUIFER SUBJECT TO SALTWATER
ENCROACHMENT: NUMERICAL ANALYSIS AND
CASE STUDY (NJ093)

PROJECT CHIEF: Frederick J. Spitz

COOPERATOR(S): City of Cape May, City of Wildwood, and
Lower Township

PERIOD OF PROJECT: January 1987 to December 1989

PROBLEM: In coastal areas, ground-water withdrawals typically cause saltwater encroachment into fresh-
water aquifers . This phenomenon is occurring in the shallow aquifer system on the peninsula of Cape May
County, New Jersey, necessitating the abandonment and sealing of formerly productive freshwater wells.
The coastal community must determine how to satisfy its water requirements while maintaining acceptable
water quality.

OBJECTIVE: To define the geometry of the ground-water system, the distribution of flow and water levels,
and the configuration and movement of the saltwater-freshwater interface in the shallow aquifers. Also, to
evaluate the response of the ground-water system to withdrawal stresses. Finally, to present the results of
the study in a manner that facilitates planning for long-term water-supply needs and design of a monitoring
program that provides early warning of saltwater contamination of supply wells.

APPROACH: The shallow aquifer system was simulated by use of a quasi-three-dimensional numerical
computer model of freshwater and saltwater flow separated by a sharp interface. The model was calibrated
to predevelopment (about 1890) and present (1989) conditions by comparing simulated hydraulic heads in
the three aquifers to measured water-level data. Chloride concentrations in well water were used to calibrate
interface positions in the model. Hypothetical predictive simulations were tested to investigate the conse-
quences of continued withdrawals at present levels and locations and under various alternative circum-
stances.

PROGRESS: The project has been completed. Results of model analyses indicate that encroachment of
saline ground water on public-supply wells that are screened in the Cohansey aquifer in Cape May City and,
possibly, Lower Township is likely. Ground-water withdrawals from farther north, from the peninsular part
of Cape May County, or from the unconfined aquifer would greatly reduce the risk of saltwater intrusion.
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Figure 14.--Diagrammatic section of the shallow aquifer system of Cape May Peninsula after
development. (From Spitz, EJ., and Barringer, TH., 1992, Ground-water hydrology and simula-
tion of saltwater encroachment, shallow aquifer system of southern Cape May County, New Jersey:
U.S. Geological Survey Water-Resources Investigations Report 91-4191, fig. 5.)
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— Hydrologic Investigations (Other Federal Agency Projects)

GEOHYDROLOGY AT PICATINNY ARSENAL, MORRIS
COUNTY, NEW JERSEY (NJ059)

PROJECT CHIEF: Otto S. Zapecza
COOPERATORC(S): U.S. Army - Picatinny Arsenal
PERIOD OF PROJECT: August 1982 to September 1991

PROBLEM: The presence of contaminated ground water and surface water at Picatinny Arsenal has been
documented by the U.S. Army Environmental Hygiene Agency. Both ground water and surface water are
used as sources of drinking- and service-water supply. Lake Picatinny and Green Pond Brook discharge into
the Rockaway River, a tributary to Boonton Reservoir, which supplies water to a large part of northem New
Jersey. The U.S. Army Armament and Research Development Command asked the USGS to help define the
rate of movement and extent of the contaminated water.

OBJECTIVE: To (1) conduct a comprehensive study of the geology and hydrology at Picatinny Arsenal to
determine the rate of movement and extent of ground-water contaminant plumes near their sources, (2)
investigate possible supplemental sources of ground-water supply at the arsenal, and (3) determine the rate
of discharge of and extent of surface-water contamination in Green Pond Brook and Lake Picatinny.

APPROACH: Conduct an analysis of the geohydrology at Picatinny Arsenal by compiling geologic infor-
mation from previously installed wells and new test and observation wells. Measure water levels to deter-
mine the configuration of the water table. Conduct aquifer tests to determine hydraulic properties of
aquifers. Conduct surface geophysical (electromagnetic, seismic, and resistivity) surveys to help define the
configuration of the bedrock surface and determine ground-water quality. Determine the quality of surface
water at the arsenal by constructing streamflow-gaging stations and water-quality monitoring stations at
selected sites along Green Pond Brook, and by collecting and analyzing surface-water and streambed-sedi-
ment samples for inorganic and organic constituents.

PROGRESS: Hydrogeologic reconnaissance studies of the open burning area and Green Pond Brook were
completed. Soil-gas sampling and drive-point sampling were performed to determine the extent of contam-
ination in the area of building 410. A ground-water flow model of the Green Pond valley was revised on
the basis of comments made by technical reviewers.
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— Hydrologic Investigations (Other Federal Agency Projects)

GEOPHYSICAL AND WATER-QUALITY
RECONNAISSANCE AT THE CIBA-GEIGY
SUPERFUND SITE, TOMS RIVER, OCEAN COUNTY,
NEW JERSEY (NJ110)

PROJECT CHIEF: Tamara 1. Ivahnenko
COOPERATOR(S): U.S. Environmental Protection Agency
PERIOD OF PROJECT: October 1988 to September 1990

PROBLEM: Ground water beneath the Ciba-Geigy Superfund site and vicinity is contaminated with metals
and organic compounds. The extent of ground-water contamination has not yet been completely defined,
nor have all possible locations of buried drums of waste been identified. In order to determine the directions
in which and depths to which contamination may be transported, the hydrogeologic framework at the site
needs to be delineated as accurately as possible.

OBJECTIVE: The objective of this reconnaissance study is to provide information that will help the U.S.
Environmental Protection Agency (USEPA) to select efficiently the placement and depth of monitoring
wells and the placement of trenches for locating buried drums. Specifically, the USGS will (1) determine
the lateral and vertical electrical properties of the upper 100 feet of sediments in selected parts of the study
area, (2) determine vertical and horizontal contaminant concentration gradients in ground water in selected
parts of the study area, (3) locate geophysical anomalies that could be associated with buried drums in the
“borrow area,” and (4) describe the hydrogeologic framework of selected areas and use this information to
aid in interpreting the geophysical data.

APPROACH:; The approach includes (1) obtaining borehole geophysical logs of wells and drive points in
order to map the aquifer system, (2) collecting surface electromagnetic data to determine the lateral and ver-
tical electrical properties of the upper 100 feet of sediments, (3) collecting drive-point water-quality samples
in areas downgradient from the site in order to characterize the leading edge of the plume, and (4) conduct-
ing a ground-penetrating-radar and magnetometry survey to identify drums.

PROGRESS: Ground-water contamination at the Ciba-Geigy site had been identified previously; however,
this study provided additional information on ground-water quality. Low concentrations of purgeable
organic compounds were found in ground water downgradient from the borrow area, an area for which no
data previously were available. The definition of the horizontal and vertical extents of ground-water con-
tamination in Winding Brook Park was improved by using results of analyses of water-quality samples from
the drive points. These results showed that cadmium and selenium were the only metals whose concentra-
tions exceeded the USEPA maximum contaminant levels. Thirty-six organic compounds were identified,in-
cluding two compounds not previously found at the site (1,2,3-trichloropropane and 1,2-dichloropropane).
Additional work is needed to identify the vertical extent of contamination. High specific-conductance values
in the shallow Kirkwood-Cohansey aquifer system approximately coincide with the areal extent of known
contaminated water. No new sources of contamination were found. Results of a ground-penetrating-radar
survey north of the plant showed an anomalous band trending east-west, which may be a trench or a natural
feature. No metal objects were found in the trench. The project has been completed and the final report has
been approved for publication.
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— Hydrologic Investigations (Other Federal Agency Projects)

ASSESSMENT OF EFFECTS OF ROLLING KNOLL
LANDFILL ON NEARBY WATER RESOURCES (NJ111)

PROJECT CHIEF: Kenneth S. Turner
COOPERATOR(S): U.S. Fish and Wildlife Service
PERIOD OF PROJECT: May 1989 to September 1991

PROBLEM: The effects of the Rolling Knoll landfill on the water resources of the Great Swamp National
Wildlife Refuge are currently unknown. To obtain information that will assist the U.S. Fish and Wildlife
Service in managing the Great Swamp Wildlife Refuge, the nature of the interaction between, and the chem-
ical characteristics of, the ground water and surface water near the Rolling Knoll landfill need to be evalu-
ated.

OBJECTIVE: The objectives of this project are to (1) define the general geohydrology of the Great Swamp
around the landfill, (2) install observation wells in appropriate locations around the landfill, and (3) deter-
mine the quality of ground water and surface water around the landfill.

APPROACH: The approach will include three phases: (1) reconnaissance of water quality, shallow-ground-
water levels, and electromagnetic conductivity around the landfill; (2) siting borehole locations, borehole
drilling, and well installation; and (3) periodic sampling of ground water for selected water-quality constit-
uents.

PROGRESS: Reconnaissance water-quality sampling of surface water and shallow ground water was com-
pleted. A geophysical survey of the terrain in the Refuge on the eastern and southern sides of the landfill
was completed. Observation wells were installed and sampled on a routine basis and the data were transmit-
ted to the U.S. Fish and Wildlife Service. Results of the geophysical survey and water-quality reconnais-
sance are presented in a report that is currently in review.
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Publications of the U.S. Geological Survey

and archived by the National Technical Information Service, and were retroactively numbered and included
in the State Water-Data Report series. Beginning with the 1975 water year, these series were replaced by a
new publication series, “U.S. Geological Survey Water-Data Reports.” This series combines under one
cover streamflow data, water-quality data for surface water and ground water, and ground-water-level data
for each State. For New Jersey, the title is “Water Resources Data for New Jersey--Water Year (date),” and
was published in two volumes for each water year: Volume 1.--Atlantic Slope Basins, Hudson Riverto Cape
May; and Volume 2.--Delaware River Basin and tributaries to Delaware Bay. Beginning with the 1990
water year, the Water-Data Reports were organized by data type rather than geographic area: Volume 1.--
Surface-Water Data, and Volume 2.--Ground-Water Data. A limited supply of current volumes is available
from the New Jersey District office. Additional volumes can be purchased from the National Technical
Information Service. (Ordering information is given below.)

Flood Information

Reports documenting major floods in New Jersey have been published as U.S. Geological Survey
Water-Supply Papers, Hydrologic Atlases, Water-Resources Investigations Reports, and Open-File
Reports, and as State Special Reports and Circulars. Methods for estimating the magnitude and frequency
of floods for selected streams are given in Stankowski, S.J., 1974, Magnitude and frequency of floods in
New Jersey with effects of urbanization: New Jersey Deprtment of Environmental Protection Special Report
38. The U.S. Geological Survey also outlines flood-prone areas on topographic maps as part of a nationwide
Federal program for managing flood losses. Parts of these topographic maps that represent urban areas in
which flood problems are prevalent have been extracted and published as pamphlets. In New Jersey, 172
topographic maps covering the entire State and 6 urban-area pamphlets have been completed.

Publicati f the Water R Divisi

The Water Resources Division of the U.S. Geological Survey is the Nation’s lead agency in the
collection of water data and the dissemination of information on water resources. The Division makes water
data and information readily and equally available to water managers, policymakers, the scientific
community, and the public in formats that meet their needs.

The U.S. Geological Survey has published the results of its studies for more than 100 years. The
information is multipurpose and, after its initial use, it becomes a basis for future resource evaluation and
water-management decisions. The Water Resources Division releases its information through several
publication series, explained below, and through computerized systems, accessible through NAWDEX and
WATSTORE (see pages 11-12).

A description of these publications series, the types of information presented in them, and ordering
information is given below.

Water-Supply Paper Significant interpretive results of hydrologic investigations that are
considered to be of broad interest.

Professional Paper Comprehensive or topical reports on any earth-science subject of
interest to multidisciplinary scientific audiences.

Bulletin Significant interpretive results of earth-science investigations of
broad interest, including computer applications.
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Circular
Map Series
Techniques of Water-

Resources Investigations

Geological Survey
Yearbook

Water-Resources
Investigations Book and
Map Reports

Open-File Book and Map
Reports

Water-Data Reports

National Water Conditions

Publications of the U.S. Geological Survey

Summaries of topical investigations or programs that are of short-term or
local interest.

Such as Hydrologic Investigations Atlas--Significant results of
hydrologic investigations presented in map format.

Reports on methods and techniques used in collecting, analyzing, and
processing hydrologic data for technically oriented audiences.

Significant activities of the Water Resources Division that are summarized
each year for general audiences.

Comprehensive or topical interpretive reports and maps mainly of local or
short-term interest for multidisciplinary audiences.

Compilations of data and preliminary interpretive reports of limited
interest or reports that require interim release pending formal publication .

Water-year data on streamflow, ground-water levels, and quality of surface
water and ground water for each State, Puerto Rico, Virgin Islands, and the
Trust Territories,

A monthly news release that summarizes the National water situation for
water-resources-oriented audiences.

With the exception of the “National Water Conditions,” which is a form of news release, all of the
above publication series are listed in three catalogs--“‘Publications of the Geological Survey, 1879-1961;”
“Publications of the Geological Survey, 1962-1970;” and “Publications of the Geological Survey, 1971
through 1981”--and in yearly supplements to these catalogs for 1982 through 1991.

Ordering Information

The New Jersey District has been preparing reports on water resources for several decades. For
additional information on the availability of New Jersey reports, please write to:

District Chief

U.S. Geological Survey
Mountain View Office Park
810 Bear Tavern Road
Suite 206

West Trenton, NJ 08628

All publications are for sale unless specifically stated otherwise. Prices, which are subject to change, are not
included here. Prepayment is required and information on price and availability should be obtained before
placing an order from the contacts listed below. In addition, many items of scientific interest also are
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Publications of the U.S. Geological Survey.

published in technical and scientific journals to make the information readily available to those in related
fields of study. Journal articles and the proceedings of technical meetings are available only from the jour-
nals or sponsoring organizations. Other reports of local interest prepared by USGS personnel are published
by cooperating State agencies and are made available within the State.

PUBLICATION SERIES

CONTACT

U.S. GEOLOGICAL SURVEY INFORMAL REPORTS
Open-File Reports
Water-Resources Investigations Reports

Water-Data Reports

U.S. GEOLOGICAL SURVEY FORMAL REPORTS
Bulletins
Circulars
Professional Papers
Water-Supply Papers
Yearbooks

U.S. GEOLOGICAL SURVEY MAP REPORTS
Hydrologic Investigations Atlases
Geologic Quadrangle Maps
Miscellaneous Investigations Series Maps

NEW JERSEY GEOLOGICAL SURVEY
Bulletins
Geological Survey Reports
Ground-Water Reports
Open-File Reports

NEW JERSEY DIVISION OF WATER RESOURCES
Special Reports
Circulars

USGS ESIC - Open File Reports Section
Box 25286, MS 517

Denver Federal Center

Denver, CO 80225

Phone (303) 236-7476

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

Phone (703) 4874650

USGS Map Distribution
Box 25286, MS 306
Denver Federal Center
Denver, CO 80225
Phone (303) 236-7477

USGS Map Distribution
Box 25286, Building 810
Denver Federal Center
Denver, CO 80225
Phone (303) 236-7477

Maps and Publications Sales Office
Bureau of Revenue

CN 417

Trenton, NJ 08625

Phone (609) 777-1038

Maps and Publications Sales Office
Bureau of Revenue

CN 417

Trenton, NJ 08625

Phone (609) 777-1038
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New Jersey District Reports Completed Since 1986

A bibliography of reports, articles, and proceedings prepared by the New Jersey District since 1986
is listed below. A complete bibliography that covers publications before 1986 has been published
and is available from the New Jersey District office.

Ayers, M.A,, and Leavesley, G.H., 1989, Assessment of
the potential effects of climate change on water
resources of the Delaware River basin: Work
plan for 1988-90: U.S. Geological Survey
Open-File Report 88-478, 37 p.

Ayers, M.A., and Pustay, E.A., 1988, New Jersey
ground-water quality: U.S. Geological Survey
Water-Supply Paper 2325, p. 369-376.

Barringer, J.L., and Johnsson, P.A., in press, Theoretical
considerations and a simple method for measur-
ing alkalinity and acidity in low-pH waters:
U.S. Geological Survey Water-Resources
Investigations Report §9-4029.

Barton, G.J., and Krebs, Martha, 1990, Hydrogeologic
reconnaissance of the Swope Oil Superfund site
and vicinity, Camden and Burlington Counties,
New Jersey: U.S. Geological Survey Open-File
Report 89-402, 247 p.

Barton, Cynthia, and Kozinski, Jane, 1991, Hydrogeol-
ogy of the region of Greenwich Township,
Gloucester County, New Jersey: U.S. Geologi-
cal Survey Water-Resources Investigations
Report 91-4198, 77 p.

Barton, Cynthia, Vowinkel, E.F., and Nawyn, J.P., 1987,
Preliminary assessment of water quality and its
relation to hydrogeology and land use: Poto-
mac-Raritan-Magothy aquifer system, New Jer-
sey: U.S. Geological Survey Water-Resources
Investigations Report 8§7-4023, 79 p.

Battaglin, W.A., and Hill, M.C., 1989, Simulated effects
of future withdrawals on water levels in the
northeastern Coastal Plain aquifers of New
Jersey: U.S. Geological Survey Water-
Resources Investigations Report 8§8-4199, 58 p.

Brown, G.A., and Zapecza, O.S., 1990, Results of test
drilling in Howell Township, Monmouth
County, New Jersey: U.S. Geological Survey
Water- Resources Investigations Report
90-4062, 42 p.

Campbell, J.B., 1987, Rainfall-runoff data for Somerset
County, New Jersey: U.S. Geological Survey
Open-File Report 87-384, 161 p.

Clark, J.S., and Paulachok, G.N., 1989, Water levels in
the principal aquifers of Atlantic County and
vicinity, New Jersey, 1985-86: New Jersey
Geological Survey Open-File Report 88-3,

33 p.

Fulton, J.L., 1990, Application of a distributed-routing
rainfall-runoff model to flood-frequency esti-
mation in Somerset County, New Jersey: U.S.
Geological Survey Water-Resources Investiga-
tions Report 89-4210, 78 p.

Fusillo, T.V., Ehlke, T.A., and Martin, Mary, 1987,
Movement and fate of chlorinated solvents in
ground water: Research activities at Picatinny
Arsenal, New Jersey: U.S. Geological Survey
Open-File Report 87-395, 16 p.

Gibs, Jacob, Imbrigiotta, T.E., and Turner, Kenneth,
1990, Bibliography on sampling ground
water for organic compounds: U.S. Geological
Survey Open-File Report 90-564, 22 p.

Gronberg, .M., Birkelo, B.A., and Pucci, A.A., Jr., 1989,
Selected borehole geophysical logs and drillers’
logs, northern Coastal Plain of New Jersey:
U.S. Geological Survey Open-File Report 87-
243,134 p.

Gronberg, J. M., Pucci, A.A,, Jr., and Birkelo, B.A., 1991,
Hydrogeologic framework of the Potomac-
Raritan-Magothy aquifer system, northern
Coastal Plain of New Jersey: U.S. Geological
Survey Water-Resources Investigations Report
90-4016, 37 p.

Harriman, D.A, Pope, D.A., and Gordon, A.D., 1989,
Water-quality data for the Potomac-Raritan-
Magothy aquifer system in the northern Coastal
Plain of New Jersey, 1923-86: New Jersey Geo-
logical Survey, Geological Survey Report 19,
94 p.
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Hay, L.E., and Battaglin, W.A., 1990, Effects of land-use
buffer size on Spearman’s partial correlations of
land use and shallow ground-water quality:
U.S. Geological Survey Water-Resources
Investigations Report 89-4163, 28 p.

Hay, L.E., and Campbell, J.P., 1990, Water-quality trends
in New Jersey streams: U.S. Geological Survey
Water-Resources Investigations Report 90-
4046, 297 p.

Hickman, R.E., 1989, Compilation of mean annual sus-
pended-sediment yields for selected streams
draining basins within and adjacent to coal
fields in the eastern United States: U.S.
Geological Survey Open-File Report 88-80,
57p.

Hom, M.A., and Bratton, Lisa, 1991, Ground-water
withdrawals from Coastal Plain aquifers for
public supply and self-supplicd industrial use in
Middlesex and Monmouth Counties, New
Jersey, 1901-85: U.S. Geological Survey Water-
Resources Investigations Report 90-4083, 50 p.

Johnsson, PA., and Lord, D.G., 1987, A computer pro-
gram for geochemical analysis of acid-rain and
other low-ionic-strength, acidic waters: U.S.
Geological Survey Water-Resources Investiga-
tions Report 87-4095A, 42 p.

Kammer, J.A., and Gibs, Jacob, 1989, An analytical
technique for screening purgeable volatile
organic compounds in water: U.S. Geological
Survey Open-File Report 89-53, 13 p.

Kish, G.R., Barringer, J.L., and Ulery, R.L., 1989, Corro-
sive ground water in the Kirkwood-Cohansey
aquifer system in the vicinity of Ocean County,
east- central New Jersey: U.S. Geological Sur-
vey Water-Resources Investigations Report 87-
4181, 1 sheet.

Kish, G.R., Macy, J.A., and Mueller, R.T., 1987, Trace-
metal leaching from plumbing materials
exposed to acidic ground water in three areas of
the Coastal Plain of New Jersey: U.S. Geologi-
cal Survey Water-Resources Investigations
Report 8§7-4146, 19 p.

New Jersey District Reports Completed Since 1986

Kish, G.R., Vowinkel, E.F,, Fusillo, T.V., and Battaglin,
W.A., 1988, Relation of land use to ground-
water quality in the outcrop area of the
Potomac-Raritan-Magothy aquifer system,
New Jersey: U.S. Geological Survey Water-
Supply Paper 2325, p. 109-114,

Kozinski, Jane, Lacombe, PJ., Hochreiter, J.J., Jr., and
Lewis, J.C., 1990, Geophysical and chemical
investigations of ground water at five industrial
or waste-disposal sites in Logan Township,
Gloucester County, New Jersey, 1983-87: U.S.
Geological Survey Water-Resources Investiga-
tions Report 90-4004, 131 p.

Lacombe, PJ., and Duran, P.D., 1988, Map of bedrock-
surface topography in parts of the Paterson and
Pompton Plains quadrangles, New Jersey: U.S.
Geological Survey Water-Resources Investiga-
tions Report 88-4061, 1 sheet.

Leahy, P.P, Paulachok, G.N., Navoy, A.S., and Pucci,
A.A.,Jr., 1987, Plan of study for the New Jersey
bond issue ground-water-supply investigations:
New Jersey Geological Survey Open-File
Report 87-1, 53 p.

Lewis, J.C., and Hochreiter, J.J., Jr., 1990, History of
ground-water contamination and summary of
ground-water investigations through 1985 at
four industrial sites, Logan Township, New
Jersey: U.S. Geological Survey Open-File
Report 90-102, 39 p.

Lewis, J.C., Hochreiter, J.J., Jr., Barton, G.J., Kozinski,
Jane, and Spitz, FJ., 1991, Hydrogeology of,
and ground-water quality in, the Potomac-
Raritan-Magothy aquifer system in the Logan
Township region, Gloucester and Salem Coun-
ties, New Jersey: U.S. Geological Survey
Water-Resources Investigations Report
90-4142, 92 p.

Lewis, J.C., and Spitz, EJ., 1987, Hydrogeology,
ground-water quality, and the possible effects of
a hypothetical radioactive-water spill,
Plainsboro Township, New Jersey: U.S. Geo-
logical Survey Water-Resources Investigations
Report 87-4092, 45 p.
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Ayers, M. A, Tasker, G.D., Wolock, D.M., McCabe, G.J.,
Jr., and Hay, L.E., 1990, Simulated effects of
climatic change on runoff and drought in the
Delaware River basin: Proceedings of the
American Society of Civil Engineers National
Conference, November 1990, p. 31-38.

Ayers, M.A., Wolock, D.M., McCabe, G.J., Jr., and Hay,
L.E., 1990, Simulated hydrologic effects of cli-
matic change in the Delaware River basin:
Proceedings of the Symposium on International
and Transboundary Water Resources Issues,
American Water Resources Association,
Toronto, Canada, April 1990, p. 587-594.

1990, Hydrologic effects of climatic change in the
Delaware River basin, U.S. Geological Survey
Yearbook, Fiscal Year 1989, p. 31-33.

1990, Simulated hydrologic effects of climatic
change in the Delaware River basin: Aspects of
groundwater in New Jersey, Proceedings of the
seventh annual meeting of the Geological
Association of New Jersey, October 26-27,
1990, Union, New Jersey, p. 01-08.

Baehr, A.L., 1987, Selective transport of hydrocarbons
in the unsaturated zone due to aqueous and
vapor phase partitioning: Water Resources
Research, v. 23, no. 10, October 1987, p. 1926-
1938.

Baehr, A L., and Bruell, C.J., 1990, Application of the
Stefan-Maxwell equations to determine
limitations of Fick’s law when modeling
organic vapor transport in sand columns: Water
Resources Research, v. 26, no. 6, June 1990,

p. 1155-1163.

Baehr, A L., and Corapcioglu, M.Y., 1987, A composi-
tional multiphase model for ground water
contamination by petroleum products - 2.
Numerical solution: Water Resources Research,
v. 23, no. 1, January 1987, p. 201-213.

Baehr, A.L., Fischer, J.M., Lahvis, Matthew, Baker, R.J.,
and Smith, N.P, 1991, Method for estimating
rates of microbial degradation of hydrocarbons
based on gas transport in the unsaturated zone at
a gasoline-spill site in Galloway Township,
New Jersey, in Mallard, G.E., and Aronson,
D.A,, eds., U.S. Geological Survey Toxic Sub-
stances Hydrology Program--Proceedings of
the technical meeting, March 11-15, 1991,
Monterey, California: U.S. Geological Survey
Water-Resources Investigations Report 91-
4034, p. 250-255.

Baehr, A.L., Hoag, G.E., and Marley, M.C., 1989,
Removal of volatile contaminants from the
unsaturated zone by inducing advective
air-phase transport: Journal of Contamination
Hydrology, no. 4, 1989, p. 1-26.

Baker, R.J., Fischer, .M., Smith, N.P,, Koehnlein, S.A.,
and Baehr, A.L., 1991, Gas-chromatographic
methods for determining the composition of the
vapor phase in gasoline-contaminated soils, in
Mallard, G.E., and Aronson, D.A., eds., U.S.
Geological Survey Toxic Substances Hydrol-
ogy Program--Proceedings of the technical
meeting, March 11-15, 1991, Monterey, Cali-
fornia: U.S. Geological Survey Water-
Resources Investigations Report 91-4034, p.
280-286.

Barringer, T.H., Dunn, Dennis, Battaglin, W.A., and
Vowinkel, E.F.,, 1990, Problems and methods
involved in relating land use to ground-water
quality: Water Resources Bulletin,v. 26, no. 1,
February 1990, p. 1-9.

Barringer, T.H., Dunn, Dennis, Ulery, R.L., and
Declercq, E.P., 1987, Two- dimensional display
of geographically referenced three-dimensional
hydrologic vector fields: Proceedings of
International Geographic Information Systems
Symposium, November 15-18, 1987,
Arlington, Virginia, p. IIT 131-I1I 136.
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Barringer, J.L., Ulery, R.L., and Kish, G.R., 1987, A

methodology for relating regions of corrosive
ground water to hydrogeologic variables in the
New Jersey Coastal Plain: Proceedings of Inter-
national Geographic Information Systems
Symposium, November 15-18, 1987,
Arlington, Virginia, p. I1I-73 to I1I-86.

Battaglin, W.A., Ulery, R.L., and Vowinkel, E.F,, 1988,

Method for simulating water-table altitudes
from stream and drainage-basin locations by
use of a geographic information system, in
Mallard, G.E., and Ragone, S.E., eds., U.S.
Geological Survey Toxic Substances Hydrol-
ogy Program--Proceedings of the technical
meeting, September 26-30, 1988, Phoenix, Ari-
zona: U.S. Geological Survey Water-Resources
Investigations Report 88-4220, p. 531-539.

Bruell, C.J., Gilbert, C.D., and Baehr, A.L., 1991, Non-

Fickian vapor transport in sand columns con-
taminated with volatile organic compounds, in
Mallard, G.E., and Aronson, D.A., eds., U.S.
Geological Survey Toxic Substances Hydrol-
ogy Program--Proceedings of the technical
meeting, March 11-15, 1991, Monterey, Cali-
fornia: U.S. Geological Survey Water-
Resources Investigations Report 91-4034, p.
294-300.

Cho, HJ., Jaffé, PR., and Smith, J.A., 1991, Design of a

field experiment to study the dynamics of
trichloroethylene vapors in the unsaturated
zone during an infiltration event, in Mallard,
G.E., and Aronson, D.A., eds., U.S. Geological
Survey Toxic Substances Hydrology Program--
Proceedings of the technical meeting, March
11-15, 1991, Monterey, California: U.S. Geo-
logical Survey Water-Resources Investigations
Report 91-4034, p. 721-725.

Corapcioglu, M.Y., and Bachr, A.L, 1987, A composi-

tional multiphase model 1or ground water con-
tamination by petroleum products - 1.
Theoretical considerations: Water Resources
Research, v. 23, no. 1, January 1987, p. 191-
200.
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Duran, P.B., 1987, The use of marine electromagnetic

conductivity as a tool in hydrogeologic investi-
gations: Ground Water, v. 25, no. 2,
March- April 1987, p. 160-166.

Ehlke, T.A., 1988, Microbiological transformation of

trichloroethylene in soil at Picatinny Arsenal,
New Jersey, in Mallard, G.E., and Ragone, S.E.,
eds., U.S. Geological Survey Toxic Substances
Hydrology Program--Proceedings of the
technical meeting, September 26-30, 1988,
Phoenix, Arizona: U.S. Geological Survey
Water-Resources Investigations Report 88-
4220, p. 371-376.

Fischer, J.M., Baehr, A.L., and Smith, N.P,, 1991, An

investigation of the transport and microbial
degradation of hydrocarbons in the subsurface
at a gasoline spill site in Galloway Township,
New Jersey, in Mallard, G.E., and Aronson,
D.A., eds., U.S. Geological Survey Toxic
Substances Hydrology Program--Proceedings
of the technical meeting, March 11-15, 1991,
Monterey, California: U.S. Geological Survey
Water-Resources Investigations Report 91-
4034, p. 243-249.

Gibs, Jacob, Brown, G.A., and Turner, K.S., 1991, Use

of a multi-level sampler to determine vertical
concentration gradients of volatile aromatic
hydrocarbons in ground water, Galloway Town-
ship, New Jersey, in Mallard, G.E., and Aron-
son, D.A,, eds., U.S. Geological Survey Toxic
Substances Hydrology Program--Proceedings
of the technical meeting, March 11-15, 1991,
Monterey, California: U.S. Geological Survey
Water-Resources Investigations Report 91-
4034, p. 268-275.

Gibs, Jacob, and Imbrigiotta, T.E., 1988, Comparison of

well-purging criteria for sampling purgeable
organic compounds, jn Mallard, G.E., and
Ragone, S.E., eds., U.S. Geological Survey
Toxic Substances Hydrology Program--
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U.S. Geological Survey Water-Rsources Inves-
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1990, Well-purging criteria for sampling purge-
able organic compounds: Ground Water, v. 28,
no. 1, January- February 1990, p. 68-78.

Hay, L.E., McCabe, G.J., Jr., Wolock, D.M., and Ayers,
M.A., 1991, Simulation of precipitation by
weather-type analysis: Water Resources
Research, v. 27, no. 4, April 1991, p. 493-501.
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cases: Water Resources Research, v. 25, no. 2,
February 1989, p. 177-190.

Imbrigiotta, T.E., Gibs, Jacob, Fusillo, T.V., Kish, G.R.,
and Hochreiter, J.J., Jr., 1988, Field evaluation
of seven sampling devices for purgeable
organic compounds in ground water, in Collins,
A.G., and Johnson, AJ., eds., Ground-water
contamination: Field methods, ASTM STP 963,
American Society for Testing and Materials,
Philadelphia, Pa., 1988, p. 258-273.

Imbrigiotta, T.E., and Martin, Mary, 1988, Site descrip-
tion and summary of research activities on the
movement and fate of chlorinated solvents in
ground water at Picatinny Arsenal, New Jersey,
in Mallard, G.E., and Ragone, S.E., eds., U.S.
Geological Survey Toxic Substances Hydrol-
ogy Program--Proceedings of the technical -
meeting, September 26-30, 1988, Phoenix,
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343-350.

Imbrigiotta, T.E., Martin, Mary, Sargent, B.P,, and
Voronin, L.M., 1988, Preliminary results of a
study of the chemistry of ground water at the
building 24 research site, Picatinny Arsenal,
New Jersey, in Mallard, G.E., and Ragone, S.E.,
eds., U.S. Geological Survey Toxic Substances
Hydrology Program--Proceedings of the tech-
nical meeting, September 26-30, 1988,
Phoenix, Arizona: U.S. Geological Survey
Water-Resources Investigations Report 88-
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Johnsson, P.A., and Reddy, M.M., 1990, A monitor for
continuous measurement of temperature, pH,
and conductance of wet precipitation -
Preliminary results from the Adirondack Moun-
tains, New York: Atmospheric Environment, v.
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Kammer, J.A., and Smith, J.A., 1988, Collection and
analysis of unsaturated- zone soil gas for vola-
tile organic compounds, in Mallard, G.E., and
Ragone, S.E,, eds., U.S. Geological Survey
Toxic Substances Hydrology Program--
Proceedings of the technical meeting,
September 26-30, 1988, Phoenix, Arizona:
U.S. Geological Survey Water-Resources
Investigations Report 88-4220, p. 617-623.

Kohout, F.A., Meisler, Harold, Meyer, F.W., Johnston
R.H, Leve, G.N., and Wait, R.L., 1988,
Hydrogeology of the Atlantic contingntal
margin, in Sheridan, R.E., and Grow, J.A, eds.,
The geology of North America, Volume 1-2,
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cal Society of America.

Lacombe, P.J., 1990, Types of surface- and borehole-
geophysical equipment and methods used in
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Hydrologic definition of the northern Atlantic
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Survey Toxic Substances Hydrology Program--
Proceedings of the technical meeting, Septem-
ber 26-30, 1988, Phoenix, Arizona: U.S.
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